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Abstract 
 
Both Treg cells (CD4+ CD25+ FOXP3+) and Th17 cells are pivotal in sustaining the immune balance in most experimental 
animal models. But this is not clear in heat stressed pigs. The present study was aimed at determining if T regulatory and T 
helper 17 populations along with transcription factors in animals such as pigs are affected by persistent heat stress. Changes in 
CD4
+ 
CD25
+ 
FOXP3
+
 Treg cells of the peripheral blood mononuclear cells (PBMC), thymus, spleen, mesenteric lymph nodes, 
and colon lamina propria of heat-stressed pigs over 9 days were studied. Transcription and the levels of Interleukin 17 (IL-17) 
protein along with specific transcription factors including retinoic acid receptor related orphan receptor gamma t (RORγT) 
and forkhead box P3 (FOXP3) were also measured. Treg cell frequency increased in PBMC and spleen at days 1, 3 and 6, 
followed by a significant decrease on day 9 (p < 0.05). However, the Treg cell frequency in the thymus was seen to decrease at 
every measurement. (p < 0.05). A marked increase in plasma, spleen, and colon lamina propria IL-17 concentration was 
evident during early stages of the heat stress experiment. Transcription of RORγT and IL-17 but not FOXP3 was markedly 
upregulated in all the tissues examined. We concluded that heat stress affected the T regulatory and T helper 17 populations 
along with transcription factors in pig tissues, and that this is dependent on the duration of the thermal stress during chronic 
heat stress. © 2019 Friends Science Publishers 
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Introduction 
 
Heat stress represents a major cause of economic loss in the 
swine industry because it can cause immunosuppression 
which can lead to disease outbreaks (Morrow-Tesch et al., 
1994; St-Pierre et al., 2003), and significant functional and 
structural damage to the gastrointestinal tract, such as 
shorter intestinal villi, shallower crypts, and severe diarrhoea 
syndrome (Sangild et al., 2003; Liu et al., 2009; Yu et al., 
2010). Furthermore, stressed animals are more prone to 
diseases including some of the emerging pig diseases 
including some which are zoonotic, and this can be a threat 
to public health (Salak-Johnson and McGlone, 2007). 
Different types of immune cells, like the B cells, CD8
+
 
T cells, basophils, macrophages, mast cells, neutrophils, and 
eosinophils are involved in adaptive immune responses. The 
role of CD4
+
 T helper (Th) cells is to recruit and activate 
these cells (Zhu and Paul, 2010). Th cells have been 
primarily distributed into four major genetic heredities, 
namely Th1, Th2, Th17 and T regulatory (Treg) based on 
their different functions and cytokine secretion patterns 
(Zhu and Paul, 2010). The lineages are derived from naïve 
CD4 T cells regulated by specific transcription factors 
including the T-box transcription factor (T-bet), retinoid 
receptor related orphan receptor gamma t (RORγT), 
forkhead box P3 (FOXP3) and GATA-binding protein 3 
(GATA3), (Rissoan et al., 1999). Which of these transcription 
factors are expressed is dependent on which cytokines are 
present and where the naïve CD4 T cells are located (Dong, 
2008; Wing and Sakaguchi, 2009; Nurieva and Chung, 
2010). T-bet and GATA3 get expressed due to facilitation 
by IL-12 and IL-4, respectively, and this causes naïve CD4 
T cells to differentiate into Th1 and Th2 cells (Zhu and Paul, 
2010). This differentiation is enhanced by adaptive 
concentrations of transforming growth factor-β (TGF- β) 
and IL-6/retinoic acid respectively (Ivanov et al., 2009). 
A major role of Treg cells (CD4
+ 
CD25
+ 
FOXP3
+
) in 
vivo is to in maintain the immune balance by suppression of 
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CD4
+ 
CD25
+
 T-cell functions (Neighbors et al., 2006). 
Deficiency of Treg cells can lead to development of 
thyroiditis (Flynn et al., 2007), diabetes (Salomon et al., 
2000), bowel disease (Maloy and Powrie, 2001), and 
systemic lupus erythematosus (Miyara et al., 2005). 
Interleukins IL-17A and IL-17F, which are required for 
induction of maximal autoimmune inflammation in 
experimental animal models of allergic encephalomyelitis 
(Komiyama et al., 2006), collagen-induced arthritis (Nakae 
et al., 2003), and colitis (Lim et al., 2008) are produced by 
Th17 cells. Favre et al. (2009) found that in pigtailed 
macaques infected with Simian immunodeficiency virus 
there was a marked and selective reduction in Th17 cells 
and also the Th17/Treg balance in the blood, lymphoid 
organs, and mucosal tissue was skewed (Favre et al., 2009). 
Similar results were reported in patients with persistent 
hepatitis B virus infection (Zhang et al., 2010) and 
atherosclerosis (Cheng et al., 2008). 
Porcine CD4
+ 
CD25
+ 
FOXP3
+
 T cells affect Th cells, 
cytotoxic T lymphocytes, and T-cell receptor γδ T cells, and 
share a role in suppressing immunity in mice and humans 
(Kaser et al., 2008a; Kaser et al., 2008b; Kaser et al., 2011). 
Heat stress induces a loss of balance between CD4 and CD8 
T cells (Ju et al., 2011a), and affects the inflammatory 
cytokines IFN-γ, IL-2 and IL-8 secretions (Ju et al., 2014) 
and upstream molecules such as Toll-like receptors (Ju et 
al., 2011b; Ju et al., 2013). But it is unclear whether porcine 
T regulatory and T helper 17 populations with transcription 
factors are disturbed by heat stress, a key stress factor in 
South China pig production. In this study, the Treg cells/IL-
17 expression cells ratio and changes in transcription factors 
including FOXP3 and RORγT were examined in pigs over 
nine consecutive days of heat stress. 
 
Materials and Methods 
 
Animals and Housing 
 
Thirty crossbreed pigs (local breed × Landrace, castrated at 
10–14 days, aged 3–4 months) were purchased from a 
commercial farm. Prior to the experiments, pigs were 
allowed to acclimatize for approximately 3 weeks. Three 
littermates were housed together in nursery pens with floor 
space of 1.5 m
2
 for each pig. The pigs had ad libitum access 
to water and were fed thrice daily. Their diet was developed 
as per the recommended nutrient allowances for the breeds 
(http://yzxy.nxin.com/html/20130710/18316.html). 
 
Experimental Design 
 
A total of 30 pigs, 3 in each pen, were used. Fifteen pigs (in 
5 pens) were allocated to the control group (CON). Air 
temperature in the housing was 28±3°C and the relative 
humidity ~90%. The rema 15 (also in 5 pens) underwent 
heat stress treatment (HEAT) and were fed in an artificial 
climate chamber at 35 ± 1°C and ~ 90% relative humidity, 
for nine consecutive days. 
Ethics Approval and Consent to Participate 
 
All animal experiments were conducted under the Centre for 
Disease Control and Prevention’s Institutional Animal Care 
and Use Committee guidelines, in a facility accredited by 
the Association for the Assessment and Accreditation of 
Laboratory Animal Care International. The protocol was 
approved by the Committee on the Ethics of Animal 
Experiments of the Guangdong Ocean University (Permit 
No.: 201-1231). All surgeries were performed under sodium 
pentobarbital anaesthesia, and every effort was made to 
minimize suffering. 
 
Blood and Tissue Sample Collection 
 
Blood and tissue samples were collected from 3 pigs each 
from the CON and HEAT pigs on days 0, 1, 3, 6, and 9. 
Blood collection was done by holding the pigs in a supine 
position. Anterior vena cava puncture was used to collect 10 
mL of blood into vacutainers containing 143 USP units of 
heparin. Blood was used for PBMC isolation and plasma 
collection. Three pigs each from the CON and HEAT 
groups were euthanized at each sampling day, and the 
thymus, spleen, mesenteric lymph nodes, and colon lamina 
propria were collected. Each tissue type was quickly cut into 
3 portions, one part was frozen in liquid nitrogen for mRNA 
extraction, the second was minced and digested using 1 mL 
collagenase (0.6 mg/mL; Sigma-Aldrich, Beijing, China) 
and 3 mL pancreatin (0.25%; Invitrogen, Shanghai, China) 
for 30 min, filtered with a 40 µM cell strainer and used for 
subsequent multicolour staining. The remaining tissue was 
homogenized for IL-17 measurement. PBMC and tissue 
lymphocytes were isolated by density gradient 
centrifugation using LTS-1077 (density = 1.077 g/mL; 
TBD, Tianjin Haoyang Biological Manufacturing Co., 
Tianjin, China) as per manufacturer’s protocols. Isolated 
cells were washed twice in Hank’s medium, counted, and 
resuspended in the culture medium (RPMI 1640, Gibco, 
Carlsbad, CA, USA) at 7 × 10
6
/mL for subsequent analyses. 
 
Total RNA Extraction and Complementary DNA 
Synthesis 
 
The extraction of total RNA and synthesis of 
complementary DNA (cDNA) were performed according to 
the manufacturer’s instructions. RNA was extracted from 
nitrogen-frozen tissues using commercially available 
RNAiso Plus kits (TaKaRa Biotechnology, Dalian, China). 
The total RNA yield (10–20 μg) was resuspended in 
diethylpyrocarbonate-treated distilled water and stored at 
−70°C for future use. For cDNA synthesis, total RNA was 
reverse-transcribed with a PrimeScript RT Reagent Kit 
(TaKaRa). The reaction mixture (10 μL) contained 2 μL 
RNA (100 ng), 2 μL PrimeScript Buffer, 0.5 μL PrimeScript 
RT Enzyme Mix I, and 0.5 μL random primers (50 μM). 
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qRT-PCR 
 
FOXP3, RORγT, and IL-17 expressions were evaluated by 
real time qPCR (RT-qPCR), with TBP (TATA-box-binding 
protein) and B2M (β2-microglobulin) as reference genes. All 
primers were synthesized by GeneCore (Shanghai 
GeneCore BioTechnologies, Shanghai, China) (Table 1). 
The iCycler IQ Real-Time PCR Detection System was used 
to perform RT-qPCR (Bio-Rad, Hercules, CA, USA). Each 
25 μL reaction contained 12.5 μL 2× SYBR Premix Ex Taq 
(TaKaRa), 0.5 μL forward primer (20 μmol/L), 0.5 μL 
reverse primer, 2 μL RT product, and 9.5 μL distilled water. 
The amplification program consisted of 40 cycles of 95°C 
for 4 s, annealing at 55°C for 15 s, and extension at 72°C for 
10 s, ended with a melting program ranging from 60°C to 
95°C with a heating rate of 0.5°C per 5 secs. The PCR 
efficiency was determined and was >97% for each primer 
set, with the use of six serial dilutions of cloned products as 
templates. Relative gene expression value was calculated 
using the threshold cycle (CT) method. This was applied to 
each of the genes by calculating the expression 2
−ΔΔCT
, 
where ΔΔCT is the sum of: [CTgene − CTreference](Heat-stressed) − 
[CTgene − CTreference](Control). 
 
Flow Cytometry Analysis 
 
Treg cells were stained using mouse anti-porcine CD4-
phycoerythrin antibody (clone 74-12-4, IgG2b; Southern 
Biotech, Birmingham, AL, USA) and mouse anti-porcine 
CD25 antibody (clone K231.3B2, IgG1; AbD Serotec, 
Raleigh, NC, USA) and incubated for 30 min. All 
appropriate isotype controls were obtained from 
eBioscience (San Diego, CA, USA). Then, goat anti-mouse 
immunoglobulin G-allophycocyanin (IgG1; 
SouthernBiotech) was added and incubated for 30 min and 
stained with eBioscience FOXP3 Staining Buffer (San 
Diego, CA) as per the manufacturer’s protocols. The cells 
were washed and analysed on a 4-laser BD LSR-II flow 
cytometer using a high-throughput-system plate reader (BD 
Biosciences, Franklin Lakes, NJ, USA), and FlowJo 
software v6-8 (TreeStar, Ashland, OR, USA) was used to 
analyse the data. 
Determination of IL-17 by ELISA (Enzyme-Linked 
Immunosorbent Assay) 
 
Plasma and tissue homogenates of the thymus, spleen, 
mesenteric lymph nodes, and colon lamina propria were 
stored at −80°C prior to analyses. IL-17 was measured by 
enzyme-linked immunosorbent assay (ELISA) (Laville et 
al., 2007) kits for porcine IL-17 (Abcam, Sha Tin, Hong 
Kong) following the manufacturer’s instructions. Plates 
were read at 405 nm using a microplate reader (BioTek, 
Winooski, VT, USA). 
 
Statistical Analyses 
 
The SAS version 8 (SAS Institute, Cary, NC, USA) was 
used to perform statistical analyses. Data was analysed by 
one-way analysis of variance (ANOVA). RT-qPCR and 
cytokine concentration results are expressed as mean ± 
SEM. Differences between the CON and HEAT pigs in 
FOXP3 frequency, IL-17 concentration, Treg/Th17 ratio, 
FOXP3/RORγT mRNA and FOXP3/IL-17 mRNA ratios 
were analyzed using the Student t-test for independent pairs 
at each sampling point. A p-value of < 0.05 meant it was of 
statistical significance. 
 
Results 
 
Effect of Heat Stress on PBMC 
 
The dynamics of Treg cells/Th17 in PBMCs of the heat-
stressed (HEAT) pigs are shown in Fig. 1. Treg cell 
frequency in the PBMC increased on day 1, 3 and 6 of heat 
stress (p < 0.05) but decreased substantially on day 9 (p < 
0.05). Since it is difficult to purchase a commercial antibody 
against porcine IL-17, the IL-17 concentration in the 
plasma/tissue homogenates was measured to indirectly 
determine the Th17 cell number, because IL-17 is 
primarily produced by Th17 cells (Onishi and Gaffen, 
2010). Plasma IL-17 was markedly upregulated on day 1 
and 3 of heat stress (p < 0.05). The ratio of the Treg cells 
to IL-17 also increased markedly on day 1 of heat stress in 
PBMC (p < 0.01) contributing to an imbalance between 
Treg and IL-17 populations. 
Table 1: Primer sequences and amplicon characteristics 
 
Gene Sequence Reference Amplicon 
   Length(bp)  Tm (°C) 
ROR-γT 5′-CCTATCTATGACCTCACCTC-3′ XM_003480537 157 53.6 
 5′-GCTCCTCCATCGTGTATT-3′    
FOXP3 5′-CATTCGCCACAACTTGAG-3′ 
5′-CCCTGTCCATCCTTCTTT-3′ 
AY669812.2 177 53.7 
IL-17 5′-GCCCTCAGATTACTCCAA-3′ 
5′-CCACTGTCACCATCACTT-3′ 
NM_001005729.1 242 53.6 
TBP 5′-GTAGTTATGAGCCAGAGT-3′ 
5′-CCTTTAGGATAGGGTAG-3′ 
DQ845178 159 48.0 
B2M 5′-TATCTGGGTTCCATCCG-3′ 
5′-AACTATCTTGGGCTTATCG-3′ 
NM_213978 197 51.0 
bp base pairs, Tm melting temperature 
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Effect of Heat Stress on the Thymus 
 
The profiles of Treg cell/Th17 in the thymus are shown in 
Fig. 2. Treg cells in the thymus decreased on days 3, 6 and 9 
(p < 0.05) (Fig. 2a). However, no significant differences in 
IL-17 concentration between the CON and HEAT pigs were 
observed until day 9 when it decreased significantly (p < 
0.05) (Fig. 2b). The thymus IL-17 and RORγT were 
significantly increased on all sampling days (1, 3, 6 and 9) 
with IL-17 upregulated approximately 7-fold on day 3 and 
RORγT 74-fold on day 6 in HEAT pigs (p < 0.05) (Fig. 2c). 
But FOXP3 mRNA expression decreased ~2-fold on days 1 
and 3, and ratios of FOXP3/RORγT mRNA and FOXP3/IL-
17 mRNA decreased significantly (p < 0.01) at different 
times over the 9 days (Fig. 2d). 
 
Effect of Heat Stress on the Spleen 
 
Heat stress increased both Treg cell number (Fig. 3a) and 
IL-17 (Fig. 3b) in the spleen on days 1 and 3 (p < 0.05). 
Although FOXP3 mRNA expression decreased 
approximately 5-fold in HEAT pigs on day 9 (p < 0.05), the 
IL-17 and RORγT increased significantly on all days, and 
were upregulated approximately 14-fold and 10-fold 
respectively on day 3 (Fig. 3c). The ratios of 
FOXP3/RORγT mRNA and FOXP3/IL-17 mRNA 
decreased significantly on different days (p < 0.01). A 
decrease in the ratio of Treg cell number to IL-17 
concentration was observed in the spleen on days 6 and day 
9 (p < 0.05), indicating a disparity between Treg and IL-17 
cells in the spleen after prolonged heat stress (Fig. 3d). 
 
Effect of Heat Stress on the Intestinal Tract 
 
In HEAT pigs, Treg cell numbers increased in the colon 
lamina propria (Fig. 4a) and mesenteric lymph nodes (Fig. 
5a) on day 1 but decreased on day 6. IL-17 also increased in 
the colon lamina propria (Fig. 4b) and mesenteric lymph 
nodes (Fig. 5b) on day 3 (p < 0.05) but decreased on day 9 
in the mesenteric lymph nodes (Fig. 5b). There was a 
decrease in the Treg/IL-17 ratio in the colon lamina propria 
on days 3, 6 and 9 (p < 0.05 (Fig. 4d). The transcription 
factor FOXP3 decreased on days 1, 3 and 6 in the colon 
lamina propria (Fig. 4c), and on days 3, 6, and 9 in the 
mesenteric lymph nodes (Fig. 5c) (p < 0.05). Both IL-17 and 
 
 
Fig. 1: Differential dynamic of Treg/Th17 cells in PBMC 
collected from heat-stressed pigs. Multi-parameter flow 
cytometric analysis of the frequency of CD25+ CD4+ Foxp3+ T 
cells amongst total CD4+ T cells in PBMC collected at the 
indicated times following exposure to heat stress (a). IL-17 
concentration in porcine plasma determined by ELISA (b) and the 
ratio of Treg cell frequency in PBMC to IL-17 concentration in 
plasma (c), served as an indirect measure of the balance between 
Treg and Th17 cells. Data are presented as mean ± SEM. The 
heat-stress data were normalized to that of the controls. P-values 
were obtained on a per-group basis (#) using the Student t-test 
(when comparing heat stress and control at a given time) or over 
time (*) by ANOVA (linear scale) (comparing each sampling 
point to the day 0 value in heat-stressed pigs). * or # indicate that 
p ≤ 0.05. PE, Phycoerythrin; FITC, fluorescein isothiocyanate; 
APC, allophycocyanin 
 
 
Fig. 2: Differential dynamic of Treg/Th17 cells in the thymus of 
heat-stressed pigs. Multi-parameter flow cytometric analysis of 
the frequency CD25+ CD4+ FOXP3+ T cells amongst total CD4+ 
T cells in thymus obtained at the indicated times following 
exposure to heat stress (a). IL-17 concentration in the tissue fluid 
of porcine thymus was determined by ELISA (b). The expression 
of FOXP3 mRNA, IL-17 mRNA and RORγT mRNA were 
detected by RT-qPCR (c). The ratio of Treg cell frequency to IL-
17 concentration in porcine plasma (d), served as an indirect 
measure of the balance between Treg and Th17 cells. The ratios of 
FOXP3 mRNA to IL-17 mRNA and of FOXP3 mRNA to 
RORγT mRNA in the thymus were also analysed (d). Data are 
presented as mean ± SEM. The heat-stress data were normalized 
to that of the controls. P-values were obtained on a per-group 
basis (#) using the Student t-test (when comparing heat stress and 
control at a given time) or over time (*) by ANOVA (linear scale) 
(comparing each sampling point separately to the day 0 value in 
heat-stressed pigs). * or # indicate that p ≤ 0.05 
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RORγT transcription increased markedly from day 3 to day 
9 (p < 0.01) in both these tissue types. With the exception of 
day 1, the FOXP3/RORγT mRNA and FOXP3/IL-17 
mRNA ratios decreased significantly in both tissue types but 
on different days (p < 0.01). 
 
Discussion 
 
Disorders in the secretion of inflammatory cytokines are 
common in stressed animals. Heat stress cause mature 
dendritic cells to stimulate naïve T-cells, with resultant 
ponding Th1 polarization (Hatzfeld-Charbonnier et al., 
2007), and upregulation of IL-15 expression via 
activation of the nuclear factor κB (Wang et al., 2010). 
As has been previously reported by our group, heat 
stress increases IL-12 expression but downregulates 
interferon γ and IL-2 in the plasma of Bama miniature 
pigs (Ju et al., 2014). Moreover, in pigs, IL-2, IL-6, and 
IL-10 increased to significantly high levels after 1 h of 
transportation stress, but IL-6 and IL-10 reduced at 4 h (Lv 
et al., 2011). As suppressive cells, Treg are vital in reducing 
inflammation as they control the functioning of Th1, Th2 
and Th17 cells (Chen et al., 2007). With a few exceptions, 
FOXP3 mRNA and Treg cell frequency decreased near the 
end of the present 9-day experiment. This may partially 
explain the disordered inflammatory cytokines observed in 
the heat-stressed pigs (Ju et al., 2014). 
In the early stages (on days 1 or 3) of heat stress, 
Treg cell numbers increased in the PBMCs, spleen, 
mesenteric lymph nodes, and colon lamina propria, but 
this was accompanied by a decline in FOXP3 mRNA 
expression. This lack of agreement may be due to gene 
degradation or post-transcriptional modifications. 
Similar responses have been reported in genomic and 
proteomic responses in largemouth bass exposed to 
environmentally relevant concentrations of dieldrin, 
where 54 genes were upregulated and 220 
downregulated but only 90 proteins showed significant 
changes (Martyniuk et al., 2010). Another study 
reported only 57 or 14% directional agreement between 
differentially regulated mRNAs and proteins 
respectively in the hypothalamus of fish treated with 
several dopaminergic agonists (Popesku et al., 2010). 
 
 
Fig. 3: Differential dynamic of Treg/Th17 cells in the spleen of 
heat-stressed pigs. Multi-parameter flow cytometric analysis of 
the frequency CD25+ CD4+ FOXP3+ T cells amongst total CD4+ 
T cells in porcine spleen obtained at the indicated times following 
exposure to heat stress (a). IL-17 concentration in tissue fluid of 
porcine spleen determined by ELISA (b). The expression of 
FOXP3 mRNA, IL-17 mRNA and RORγT mRNA detected by 
RT-qPCR (c). The ratio of Treg cell frequency to IL-17 
concentration in porcine plasma (d), serving as an indirect 
measure of the balance between Treg and Th17 cells. The ratios of 
FOXP3 mRNA to IL-17 mRNA and of FOXP3 mRNA to 
RORγT mRNA in the thymus were also analysed (d). Data are 
presented as mean ± SEM. The heat-stress data were normalized 
to that of the controls. P-values were obtained on a per-group 
basis (#) using the Student t-test (when comparing heat stress and 
control at a given time) or over time (*) by ANOVA (linear scale) 
(comparing each sampling point separately to the day 0 value in 
heat-stressed pigs). * or # indicate that p ≤ 0.05 
 
 
Fig. 4: Differential dynamic of Treg/Th17 cells in the colon 
lamina propria of heat-stressed pigs. Multi-parameter flow 
cytometric analysis of the frequency CD25+ CD4+ FOXP3+ T 
cells amongst total CD4+ T cells in porcine colon lamina propria 
obtained at the indicated times after heat stress was imposed (a). 
IL-17 concentration in the tissue fluid of colon lamina propria 
determined by ELISA (b). The expression of FOXP3 mRNA, IL-
17 mRNA and RORγT mRNA were detected by RT-qPCR (c). 
The ratio of Treg cell frequency to IL-17 concentration in porcine 
plasma (d), served as an indirect measure of the balance between 
Treg and Th17 cells. The ratios of FOXP3 mRNA to IL-17 
mRNA and of FOXP3 mRNA to RORγT mRNA in the thymus 
were also analysed (d). Data are presented as mean ± SEM. The 
heat-stress data were normalized to that of the controls. P-values 
were obtained on a per-group basis (#) using the Student t-test 
(when comparing heat stress and control at a given time) or over 
time (*) by ANOVA (linear scale) (comparing each sampling 
point separately to the day 0 value in heat-stressed pigs). * or # 
indicate that p ≤ 0.05 
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Th17 cells are widely distributed in non-lymphoid and 
secondary lymphoid tissues (Ivanov et al., 2006). They can 
increase host ability to resist bacterial infection in the 
gastrointestinal tract (Kolls and Linden, 2004) and also 
support the maintenance of mucosal barrier integrity 
(Higgins et al., 2006; Khader et al., 2007). The decrease in 
Th17 cells in those infected by human immunodeficiency 
virus is accompanied by an induction of many inflammatory 
cytokines, loss of mucosal integrity and increased microbial 
translocation (Brenchley et al., 2006; Zheng et al., 2008). 
Th17 cells have been observed in the PBMC, thymus, and 
lung lymphocytes of pigs (Kiros et al., 2011). Although 
other cells, such as natural killer cells (NK cells), γδ T cells, 
and CD8
+
 T cells can secrete IL-17, the main source is Th17 
cells (Cupedo et al., 2008; Cua and Tato, 2010). 
Upregulation of IL-17 in HEAT pigs along with 
increases in the specific transcription factor RORγT was 
observed in this present study. The ratio of Treg/Th17 
decreased in many of the tissues analysed, both at 
cellular level and gene level, indicating that the balance 
of Treg/Th17 was affected in HEAT pigs. 
Treg cells are widely distributed in the colon 
lamina propria and occur at a higher frequency than in 
other tissues (Honda and Littman, 2012). Indigenous 
Clostridium species can induce aggregation of Treg cells 
in the colon (Feuerer et al., 2010; Atarashi et al., 2011), 
and there is a special receptor in Treg cells that 
recognizes gut probiotics (Nagano et al., 2012). Barnes 
and Powrie hypothesised that Treg cells, through 
probiotics recruitment and immunosuppression, assist in 
the maintenance of the balance of the intestinal tract 
(Barnes and Powrie, 2009). However, changes to the 
external environment such as heat stress, psychological 
stress, invasion of pathogenic bacteria, nutritional 
deficiency, overstrain, diet changes, and intestinal 
ischemia may lead to a shift of Treg cells to Th17 cells 
(Alison and Bested, 2013). In this study, the ratio of 
Treg/Th17 decreased after 9 days of heat stress not only 
in immune tissues such as the spleen, thymus and 
mesenteric lymph nodes, but also in the colon lamina 
propria on several days, mostly during late stages of the 
experiment. Treg cells are often immunosuppressive 
(Sakaguchi et al., 2008). Treg and Th17 population turnover 
is under a tight control in vivo by apoptosis and/or the 
activation-induced cell death pathway (Meyaard et al., 
1992), indole-amine 2,3-dioxygenase-mediated tryptophan 
deprivation (Munn et al., 2002), and galectin-1 signalling 
(Toscano et al., 2007). A decrease in the ratios of 
FOXP3/IL-17, FOXP3/RORγT and Treg/Th17 during heat 
stress was observed in the present study. However, at 
cellular level, the Treg/Th17 ratio (expressed as Treg/IL-17) 
decreased only in the colon lamina propria and spleen. We 
speculate that heat stress can stimulate naïve T cells with 
resultant Th17 polarization and that both these responses 
can alter the secretion of inflammatory cytokines in pigs 
experiencing heat stress. 
 
Conclusion 
 
Chronic heat stress affected the T regulatory and T helper 
17 populations along with transcription factors in pig tissues 
in a time-dependent manner. 
 
Acknowledgements 
 
This work was supported by the National Natural Science 
Foundation of China [grant nos. 31101862, 31472243] and 
Shenzheng Projects for Basic Research 
[JCYJ20170306162414058]. 
 
References 
 
Alison, C. and A.C.L.E.M.S. Bested, 2013. Intestinal microbiota, probiotics 
and mental health: From metchnikoff to modern advances: Part i – 
autointoxication revisited. Gut. Pathog., 5: 5 
Atarashi, K., T. Tanoue, T. Shima, A. Imaoka, T. Kuwahara, Y. Momose, 
G. Cheng, S. Yamasaki, T. Saito and Y. Ohba, 2011. Induction of 
colonic regulatory t cells by indigenous clostridium species. Science, 
331: 337‒341 
 
 
Fig. 5: Differential dynamic of Treg/Th17 cells in mesenteric 
lymph nodes of heat-stressed pigs. Multi-parameter flow 
cytometric analysis of the frequency CD25+ CD4+ FOXP3+ T 
cells amongst total CD4+ T cells in porcine mesenteric lymph 
nodes obtained at the indicated times following exposure to heat 
stress (a). IL-17 concentration in the tissue fluid of mesenteric 
lymph nodes determined by ELISA (b). The expression of 
FOXP3 mRNA, IL-17 mRNA and RORγT mRNA detected by 
RT-qPCR (c). The ratio of Treg cell frequency to IL-17 
concentration in porcine plasma (d), served as an indirect measure 
of the balance between Treg and Th17 cells. The ratios of FOXP3 
mRNA to IL-17 mRNA and FOXP3 mRNA to RORγT mRNA in 
the thymus were also analysed (d). Data are presented as the mean 
± SEM. The heat-stress data were normalized to that of the 
controls. P-values were obtained on a per-group basis (#) using 
the Student t-test (when comparing heat stress and control at a 
given time) or over time (*) by ANOVA (linear scale) (comparing 
each sampling point separately to the day 0 value in heat-stressed 
pigs). * or # indicate that p ≤ 0.05 for each test, respectively 
 Heat Stress Affect Porcine Treg/Th17 Balance / Intl. J. Agric. Biol., Vol. 21, No. 1, 2019 
 9 
Barnes, M.J. and F. Powrie, 2009. Regulatory t cells reinforce intestinal 
homeostasis. Immunity, 31: 401‒411 
Brenchley, J.M., D.A. Price, T.W. Schacker, T.E. Asher, G. Silvestri, S. 
Rao, Z. Kazzaz, E. Bornstein, O. Lambotte and D. Altmann, 2006. 
Microbial translocation is a cause of systemic immune activation in 
chronic hiv infection. Nat. Med., 12: 1365‒1371 
Cheng, X., X. Yu, Y.J. Ding, Q.Q. Fu, J.J. Xie, T.T. Tang, R. Yao, Y. Chen 
and Y.H. Liao, 2008. The th17/treg imbalance in patients with acute 
coronary syndrome. Clin. Immunol., 127: 89‒97 
Chen, X., S. Vodanovic-Jankovic, B. Johnson, M. Keller, R. Komorowski 
and W.R. Drobyski, 2007. Absence of regulatory t-cell control of th1 
and th17 cells is responsible for the autoimmune-mediated pathology 
in chronic graft-versus-host disease. Blood, 110: 3804‒3813 
Cua, D.J. and C.M. Tato, 2010. Innate il-17-producing cells: The sentinels 
of the immune system. Nat. Rev. Immunol., 10: 479‒489 
Cupedo, T., N.K. Crellin, N. Papazian, E.J. Rombouts, K. Weijer, J.L. 
Grogan, W.E. Fibbe, J.J. Cornelissen and H. Spits, 2008. Human fetal 
lymphoid tissue inducer cells are interleukin 17 producing precursors 
to rorc+ cd127+ natural killer like cells. Nat. Immunol., 10: 66‒74 
Dong, C., 2008. Th17 cells in development: An updated view of their molecular 
identity and genetic programming. Nat. Rev. Immunol., 8: 337‒348 
Favre, D., S. Lederer, B. Kanwar, Z.M. Ma, S. Proll, Z. Kasakow, J. Mold, 
L. Swainson, J.D. Barbour, C.R. Baskin and R. Palemo, 2009. 
Critical loss of the balance between th17 and t regulatory cell 
populations in pathogenic SIV infection. PLoS Pathog., 5: e1000295 
Feuerer, M., J.A. Hill, K. Kretschmer, H.V. Boehmer, D. Mathis and C. 
Benoist, 2010. Genomic definition of multiple ex vivo regulatory t 
cell subphenotypes. Proc. Natl. Acad. Sci. USA, 107: 5919‒5924 
Flynn, J.C., C. Meroueh, D.P. Snower, C.S. David and Y.M. Kong, 2007. 
Depletion of cd4+ cd25+ regulatory t cells exacerbates sodium 
iodide-induced experimental autoimmune thyroiditis in human 
leucocyte antigen dr3 (drb1* 0301) transgenic class ii-knock-out 
non-obese diabetic mice. Clin. Exp. Immunol., 147: 547‒554 
Hatzfeld-Charbonnier, A.S., A. Lasek, L. Castera, P. Gosset, T. Velu, P. 
Formstecher, L. Mortier and P. Marchetti, 2007. Influence of heat 
stress on human monocyte-derived dendritic cell functions with 
immunotherapeutic potential for antitumor vaccines. J. Leukoc. Biol., 
81: 1179‒1187 
Higgins, S.C., A.G. Jarnicki, E.C. Lavelle and K.H.G. Mills, 2006. 
Tlr4 mediates vaccine-induced protective cellular immunity to 
bordetella pertussis: Role of il-17-producing t cells. J. 
Immunol., 177: 7980‒7989 
Honda, K. and D.R. Littman, 2012. The microbiome in infectious disease 
and inflammation. Annu. Rev. Immunol., 30: 759‒795 
Ivanov, I.I., K. Atarashi, N. Manel, E.L. Brodie, T. Shima, U. Karaoz, D. 
Wei, K.C. Goldfarb, C.A. Santee and S.V. Lynch, 2009. Induction of 
intestinal th17 cells by segmented filamentous bacteria. Cell, 139: 
485‒498 
Ivanov, I.I., B.S. McKenzie, L. Zhou, C.E. Tadokoro, A. Lepelley, J.J. 
Lafaille, D.J. Cua and D.R. Littman, 2006. The orphan nuclear 
receptor ror-γt directs the differentiation program of proinflammatory 
il-17+ t helper cells. Cell, 126: 1121‒1133 
Ju, X.H., H.J. Xu, Y.H. Yong, L.L. An, P.R. Jiao and M. Liao, 2014. Heat 
stress upregulation of toll-like receptors 2/4 and acute inflammatory 
cytokines in peripheral blood mononuclear cell (pbmc) of bama 
miniature pigs: An in vivo and in vitro study. Animal, 8: 9 
Ju, X.H., H.J. Xu, Y.H. Yong, L.L. An, Y.M. Xu, P.R. Jiao and M. Liao, 
2013. Heat stress upregulates the expression of tlr4 and its alternative 
splicing variant in bama miniature pigs. J. Integr. Agric., 13: 
2479‒2487 
Ju, X.H., H.J. Xu, Y.H. Yong, L.L. An, Y.M. Xu, P.R. Jiao and M. Liao, 
2011a. Selection of reference genes for gene expression studies in 
pbmc from bama miniature pig under heat stress. Vet. Immunol. 
Immunopathol., 144: 160‒166 
Ju, X.H., Y.H. Yong, H.J. Xu, L.L. An and Y.M. Xu, 2011b. Impacts of 
heat stress on baseline immune measures and a subset of t cells in 
bama miniature pigs. Livest. Sci., 135: 289‒292 
Kaser, T., W. Gerner and A. Saalmuller, 2011. Porcine regulatory t cells: 
Mechanisms and t-cell targets of suppression. Dev. Compar. 
Immunol., 35: 1166‒1172 
Kaser, T., W. Gerner, S.E. Hammer, M. Patzl and A. Saalmuller, 2008a. 
Detection of foxp3 protein expression in porcine t lymphocytes. Vet. 
Immunol. Immunopathol., 125: 92‒101 
Kaser, T., W. Gerner, S.E. Hammer, M. Patzl and A. Saalmuller, 2008b. 
Phenotypic and functional characterisation of porcine cd4+ cd25 
high regulatory t cells. Vet. Immunol. Immunopathol., 122: 153‒158 
Khader, S.A., G.K. Bell, J.E. Pearl, J.J. Fountain, J. Rangel-Moreno, G.E. 
Cilley, F. Shen, S.M. Eaton, S.L. Gaffen and S.L. Swain, 2007. Il-23 
and il-17 in the establishment of protective pulmonary cd4+ t cell 
responses after vaccination and during mycobacterium tuberculosis 
challenge. Nat. Immunol., 8: 369‒377 
Kiros, T.G., J.V. Kessel, L.A. Babiuk and V. Gerdts, 2011. Induction, 
regulation and physiological role of il-17 secreting helper T-cells 
isolated from pbmc, thymus, and lung lymphocytes of young pigs. 
Vet. Immunol. Immunopathol., 144: 448‒454 
Kolls, J.K. and A. Linden, 2004. Interleukin-17 family members and 
inflammation. Immunity, 21: 467‒476 
Komiyama, Y., S. Nakae, T. Matsuki, A. Nambu, H. Ishigame, S. Kakuta, 
K. Sudo and Y. Iwakura, 2006. Il-17 plays an important role in the 
development of experimental autoimmune encephalomyelitis. J. 
Immunol., 177: 566‒573 
Laville, E., T. Sayd, C. Terlouw, C. Chambon, M. Damon, C. Larzul, P. 
Leroy, J. Glenisson and P. Cherel, 2007. Comparison of 
sarcoplasmic proteomes between two groups of pig muscles selected 
for shear force of cooked meat. J. Agric. Food Chem., 55: 
5834‒5841 
Lim, H.W., J. Lee, P. Hillsamer and C.H. Kim, 2008. Human th17 cells 
share major trafficking receptors with both polarized effector t cells 
and foxp3+ regulatory t cells. J. Immunol., 180: 122‒129 
Liu, F., J. Yin, M. Du, P. Yan, J. Xu, X. Zhu and J. Yu, 2009. Heat-stress-
induced damage to porcine small intestinal epithelium associated 
with downregulation of epithelial growth factor signaling. J. Anim. 
Sci., 87: 1941 
Lv, Q., S. Zhang and R. Zhao, 2011. Transportation stress alters the 
expression of immunoregulatory cytokines in the porcine thymus. 
Vet. J., 187: 229‒233 
Maloy, K.J. and F. Powrie, 2001. Regulatory t cells in the control of 
immune pathology. Nat. Immunol., 2: 816‒822 
Martyniuk, C.J., K.J. Kroll, N.J. Doperalski, D.S. Barber and N.D. 
Denslow, 2010. Genomic and proteomic responses to 
environmentally relevant exposures to dieldrin: Indicators of 
neurodegeneration? Toxicol. Sci., 117: 190‒199 
Meyaard, L., S.A. Otto, R.R. Jonker, M.J. Mijnster, R.P. Keet and F. 
Miedema, 1992. Programmed death of t cells in hiv-1 infection. 
Science, 257: 217‒219 
Miyara, M., Z. Amoura, C. Parizot, C. Badoual, K. Dorgham, S. Trad, D. 
Nochy, P. Debre, J.C. Piette and G. Gorochov, 2005. Global natural 
regulatory t cell depletion in active systemic lupus erythematosus. J. 
Immunol., 175: 8392‒8400 
Morrow-Tesch, J.L., J.J. McGlone and J.L. Salak-Johnson, 1994. Heat and 
social stress effects on pig immune measures. J. Anim. Sci., 72: 
2599‒2609 
Munn, D.H., M.D. Sharma, J.R. Lee, K.G. Jhaver, T.S. Johnson, D.B. 
Keskin, B. Marshall, P. Chandler, S.J. Antonia and R. Burgess, 2002. 
Potential regulatory function of human dendritic cells expressing 
indoleamine 2, 3-dioxygenase. Science, 297: 1867‒1870 
Nagano, Y., K. Itoh and K. Honda, 2012. The induction of treg cells by gut-
indigenous clostridium. Curr. Opin. Immunol., 24: 392‒397 
Nakae, S., A. Nambu, K. Sudo and Y. Iwakura, 2003. Suppression of 
immune induction of collagen-induced arthritis in il-17-deficient 
mice. J. Immunol., 171: 6173‒6177 
Neighbors, M., S.B. Hartley, X. Xu, A.G. Castro, D.M. Bouley and A. 
O'Garra, 2006. Breakpoints in immunoregulation required for th1 
cells to induce diabetes. Eur. J. Immunol., 36: 2315‒2323 
Nurieva, R.I. and Y. Chung, 2010. Understanding the development and 
function of t follicular helper cells. Cell. Mol. Immunol., 7: 190‒197 
Onishi, R.M. and S.L. Gaffen, 2010. Interleukin-17 and its target genes: 
Mechanisms of interleukin-17 function in disease. Immunology, 129: 
311‒321 
 
 Yong et al. / Intl. J. Agric. Biol., Vol. 21, No. 1, 2019 
 10 
Popesku, J.T., C.J. Martyniuk, N.D. Denslow and V.L. Trudeau, 2010. 
Rapid dopaminergic modulation of the fish hypothalamic 
transcriptome and proteome. PloS One, 5: e12338 
Rissoan, M.C., V. Soumelis, N. Kadowaki, G. Grouard, F. Briere, R.W. 
Malefyt and Y.J. Liu, 1999. Reciprocal control of T helper cell and 
dendritic cell differentiation. Science, 283: 1183 
Sakaguchi, S., T. Yamaguchi, T. Nomura and M. Ono, 2008. Regulatory T 
cells and immune tolerance. Cell, 133: 775‒787 
Salak-Johnson, J.L. and J.J. McGlone, 2007. Making sense of apparently 
conflicting data: Stress and immunity in swine and cattle. J. Anim. 
Sci., 85: 81‒88 
Salomon, B., D.J. Lenschow, L. Rhee, N. Ashourian, B. Singh, A. Sharpe 
and J.A. Bluestone, 2000. B7/cd28 costimulation is essential for the 
homeostasis of the cd4+ cd25+ immunoregulatory t cells that control 
autoimmune diabetes. Immunity, 12: 431‒440 
Sangild, P.T., C.R. Bjornvad, Y.M. Petersen, D.G. Burrin, J. Elnif and M. 
Schmidt, 2003. Inflammatory bowel disease in newborn pigs: The 
role of formula-feeding and premature birth. Acta Vet. Scand., 44: 110 
St-Pierre, N.R., B. Cobanov and G. Schnitkey, 2003. Economic losses from 
heat stress by us livestock industries1. J. Dairy Sci., 86: 52‒77 
Toscano, M.A., G.A. Bianco, J.M. Ilarregui, D.O. Croci, J. Correale, J.D. 
Hernandez, N.W. Zwirner, F. Poirier, E.M. Riley and L.G. Baum, 2007. 
Differential glycosylation of th1, th2 and th-17 effector cells selectively 
regulates susceptibility to cell death. Nat. Immunol., 8: 825‒834 
Wang, Y., T. Seidl, T. Whittall, K. Babaahmady and T. Lehner, 2010. 
Stress‐activated dendritic cells interact with cd4+ t cells to elicit 
homeostatic memory. Eur. J. Immunol., 40: 1628‒1638 
Wing, K. and S. Sakaguchi, 2009. Regulatory t cells exert checks and 
balances on self tolerance and autoimmunity. Nat. Immunol., 11: 
7‒13 
Yu, J., P. Yin, F. Liu, G. Cheng, K. Guo, A. Lu, X. Zhu, W. Luan and J. Xu, 
2010. Effect of heat stress on the porcine small intestine: A 
morphological and gene expression study. Comp. Biochem. Phys. A, 
156: 119‒128 
Zhang, J.Y., C.H. Song, F. Shi, Z. Zhang, J.L. Fu and F.S. Wang, 2010. 
Decreased ratio of treg cells to th17 cells correlates with hbv DNA 
suppression in chronic hepatitis B patients undergoing entecavir 
treatment. PloS One, 5: e13869 
Zheng, Y., P.A. Valdez, D.M. Danilenko, Y. Hu, S.M. Sa, Q. Gong, A.R. 
Abbas, Z. Modrusan, N. Ghilardi and F.J. de Sauvage, 2008. 
Interleukin-22 mediates early host defense against attaching and 
effacing bacterial pathogens. Nat. Med., 14: 282‒289 
Zhu, J. and W.E. Paul, 2010. Heterogeneity and plasticity of T helper cells. 
Cell Res., 20: 4‒12 
 
(Received 16 July 2018; Accepted 04 August 2018) 
 
